Background Participant attrition from randomized controlled trials reduces the statistical power of the study and can potentially introduce bias. Early identification of potential causes of attrition can help reduce patient attrition. We performed secondary analyses of two trials involving cancer patients. Purpose To identify predictors of attrition during two early phases, i.e., from consent to screening (Phase-1), and from screening to intake interview (Phase-2) in two clinical trials. Methods Cancer patients undergoing chemotherapy were asked to enroll in one of two clinical trials. In each trial the benefits of a cognitive behavioral intervention were compared with a psycho-educational intervention to assist patients to manage cancer and treatment-related symptoms. Following consent patients were screened for their symptoms' severity to determine their eligibility. Results Of the 885 consenters 785 completed screening and of the 782 eligible for participation, 713 completed intake interview. In the first phase, longer delays between consent and first contact attempt, lower levels of patient education, minority race, and prolonged duration of screening increased the likelihood of dropping out with a significantly stronger effect on minorities than white patients. In the second phase, low education, being a minority, longer screening delays, and impact of symptom severity on enjoyment of life significantly increased probability of attrition. Limitations Participant reported causes of attrition were not modeled; however, exclusion of patients who died during the time period of this research meant that most patients leaving the study made a conscious decision to do so. Conclusions To assure preservation of external validity, the time between consent and randomization into the arms of a trial must be held to a minimum. Delays between contacts and run in time, that may include screening patients to assure they will benefit from a trial, must be balanced against rates of attrition. Compressing intervals between contacts is particularly important to retain minorities. Clinical Trials 2008; 5: 328-335.
Introduction
Recruitment and retention into clinical trials of cancer patients who are undergoing chemotherapy represents a significant challenge [1, 2] . The recruitment of patients representative of the target population is necessary for generalization of the findings (external validity), whereas their retention, particularly after randomization, is perhaps more important as high attrition can reduce the trial's statistical power and also pose serious threat to its internal validity [3] . Patient attrition from clinical trials, defined as attrition at any time following consent to participate, has therefore been an area of interest for researchers. Multiple studies, have examined attrition following randomization and during participation in the trial [4] [5] [6] [7] [8] [9] [10] , prompting testing of various interventions to reduce attrition with varying success rates [11] . However, patients are at risk of attrition as soon as they consent to participate, but attrition in the time window from consent to completion of the baseline interview and randomization (marking formal participation) has not been examined. It is attrition during this time frame i.e., from consent to intake into one or the other arms of a trial that is the focus of this paper.
Studying attrition during this early stage of a clinical trial is important as factors influencing patients to drop out before randomization may be different from factors that affect attrition after randomization. Additionally, prior to randomization, the logistical activities for the data collection are more intense, therefore identified modifiable factors, at this stage can be easily tailored to trial design so as to minimize attrition. In the research reported here, we performed secondary analyses of the data from two of our completed trials that targeted reduction in symptom severity of cancer and cancer-treatment related symptoms in patients undergoing chemotherapy. Our trials included a process where patients were screened to assess their level of symptom severity and potential for benefit from the trials. We therefore focused on attrition during two early phases of the trials; (1) from time of consent to completion of screening of patients for the severity of their symptoms, and eligibility to continue participation (Phase-1); and (2) from completion of screening to the intake (baseline) interview and randomization i.e. the formal entry into the trial (Phase-2).
The original purpose of each of the two trials was to compare the effect of a cognitive behavioral intervention with a psycho-educational intervention on reducing cancer patients' symptom severity. The findings from the original research are described in detail elsewhere [12] . Briefly, there were no differences between the arms in symptom severity at the end of intervention. The trials were powered to detect the effect size of .28 between the groups; however, the observed effect size for group differences in symptom severity was virtually zero. All groups produced clinically significant improvement over baseline, with effect sizes exceeding.5. This secondary analysis of the logistical and patient characteristics associated with attrition from the early phases of these trials is guided by the following research questions: (1) are the patients who delay making first study contact after consent, more likely to drop out? (2) once contacted, does the time, in number of days, taken to complete the screening process affect participants' probability of dropping out before completing the intake interview i.e., the initiation of the trial? And (3) does patient characteristics, such as age, sex, and race moderate the effect of these time factors on probability of attrition?
Methods
Patients were recruited from two comprehensive cancer centers, one community cancer oncology program, and six hospital affiliated community oncology centers in the Mid-West. The Institutional Review Boards of each center approved the trials. To be eligible to participate in the two original trials, patients had to meet the following requirements: (1) 21 years of age or older, (2) a diagnosis of a solid tumor cancer or non-Hodgkin's lymphoma, (3) undergoing a course of chemotherapy, (4) able to speak and read English, without hearing deficits that would prevent them from using a telephone, and (5) have a touchtone telephone. Patients meeting these criteria had the studies explained to them and were invited to sign an informed consent. Following consent, enrollment data were entered into a secure web-based data collection system. Prior to trial assignment patients were screened to assess the severity of 13 symptoms known to be related to cancer and its treatment. All patients were called twice weekly for up to 6 weeks, by an automated voice response system (AVR), at a time and telephone number of the patient's choice. Patients who completed the 6-week screening but never scored a 2 or higher (range 0-10) on any of the 13 symptoms received a letter thanking them for their participation. These patients were released since they did not qualify for further participation. In the research reported here these patients were considered nondropouts, but were obviously included in Phase-1 analysis only and not in Phase-2. Patients scoring 2 or higher on severity at any contact for at least one of the 13 cancer-related symptoms were eligible for entry into one of the two trials. Patients entering study I were randomized to receive a 6-contact, 8-week long cognitive behavioral intervention either from a nurse or from a non-nurse coach. Those in study II were randomized to either the same nurse delivered intervention as in study I, or to information and self-care strategies delivered via an AVR system.
Measures
Since this research examines attrition up to the intake interview, a limited number of variables were available for analysis. Information on patients' age, sex, site, and stage of cancer were obtained from the Early attrition from clinical trials patients' medical records. Educational attainment, marital status and race were determined in a brief interview following consent. Age of the patient was recorded in one year intervals. Education, initially a five-level variable was collapsed into three categories; less than high school, high school, and more than high school. Race of patients was recorded per US Bureau of Census into one of the following categories white, black or African American, American Indian or Alaskan Native, Asian, Native Hawaiian, or Other Pacific Islander. For analytic purposes, however, we grouped all non-whites into one category, dichotomizing the race variable into whites and minorities (all non-whites).
Two time frames were measured in number of days, (1) time from consent to first contact attempt, and (2) time taken to complete screening, taken from the first screening call to the last one. The first duration was primarily determined by the patients themselves as they were asked to state a date and time of their choice at which they would like to receive the screening call. The second duration depended on ability of screeners to make contact with the patient and on the symptoms being at severity of 2 or higher.
During screening patients reported their symptoms severity using an 11-point scale (0 symptom not present to 10 worst imaginable). When a symptom was present patients were also asked to rate how much the symptom's severity interfered with their daily general activity, mood, working, walking, relationships, and enjoyment of life. Interference was measured on the same 11-point scale as symptom severity.
Data analyses
The research questions examined patient attrition in two different time spans (from consent to end of screening; and from screening to intake interview), and thus required two separate logistic regression models. In the first model the outcome was failure to complete symptom screening. Screening was considered complete if (1) a patient was found eligible to continue participation at any of the calls or (2) if he/she completed all 12 screening calls without exceeding the threshold of 2 or higher on severity for any of the 13 symptoms. All other patients were considered dropouts. The explanatory variables included the variables of interest, i.e., time in days from consent to first screening attempt and screening duration. Also included were race [6, 13] and education [14] [15] [16] , the two variables that are frequently reported in literature to be associated with attrition.
At the next phase the analysis of attrition was restricted to those who completed screening and were eligible for further participation. The outcome of interest in the second analysis was whether the patient completed the baseline interview. Patients not completing the baseline interview were labeled dropouts. Since the protocol required completion of baseline interview within 30 days following screening, three patients who died within 30 days following their completion of screening were excluded from this analysis. Also excluded from analysis were three patients who completed 12 screening calls but never went above threshold, and thus were ineligible to continue the study. The explanatory variables included screening duration in number of days, race, education, and symptoms' interference with enjoyment of life. The interference data were collected during screening and were thus available for analysis in second model only. The poor health and poor perceived quality of life are known factors associated with attrition [10, 17] , the interference with enjoyment of life in this analysis serves as a proxy variable for depression or at least a pre-depression state that can significantly impact a person's perceived quality of life in this analysis. Interactions among variables were also tested but only the significant ones were retained in the final models. All analyses were performed using SAS 1 software version 9.1. Figure 1 summarizes the flow of patients from consent, through symptom screening (eligibility), to baseline interview. Table 1 summarizes the basic socio-demographic and selected clinical information available for the purpose of describing the sample. Average age of patients in our sample was about 60 years. There were more females than males (70% vs. 30%), and the racial distribution reflected the distribution in the source population. The majority of patients were married and 64% had more than a high school education.
Results

Phase-1 (consent to screening completion)
The first research question examined the effect of the elapsed time expressed in days between the signing of consent and the first screening call. The mean interval was 7 days with a standard deviation of 5.6 days. The Phase-1 model is summarized in Table 2 . Among the two spans of interest, the time interval, in number of days, from consent to the first screening call was found to be nearly significantly ( p ¼ 0.07) associated with the likelihood of attrition [odds ratio (OR) 1.04, 95% confidence interval (CI) of odds ratio 1.00-1.10].
The other time span of interest, screening duration showed a significant interaction with the race variable, which means that screening duration affected minority patients differently than it affected white patients. The moderating effect of time by race is explained with the help of the following example. The predicted probability of attrition among majority (white) patients who took 5 days to complete screening was 0.23 (log odds 0.494), and the probability of attrition for the same time period for minorities was 0.18 (log odds 0.204). As seen in Figure 2 the two curves (for majority and minority patients) were not parallel. The probability of attrition among whites who took 15 days to complete screening was 0.44 (log odds 1.482) and that among minorities was 0.64 (log odds 2.275). Thus, while all patients were more likely to drop out as the screening intervals increased, the rise in probability was differential by race, with attrition among minorities rising at a higher rate (Figure 2 ).
Phase-2 (from screening completion to randomization)
The second question sought to examine the effect of time lapsed from completion of screening to the intake interview. For these analyses only patients retained following screening were included. The Phase-2 logistic model is summarized in Table 3 . Above and beyond the effect of other covariates in the model, the duration of screening increases the chance of patients' attrition prior to the intake interview (OR 1.05, 95% CI 1.01-1.09). Patients reporting a higher interference with enjoyment of life were more likely to drop out of the study than those reporting lower interference (OR 1.11, 95% CI 1.02-1.20). As with the previous model, interactions were tested after defining the main effects model, but none were found significant, and thus were not included in the final model.
Discussion
We identified an important factor associated with increased probability of participants dropping out of a clinical trial: a delay in initiation and increased duration of screening may predict patients' willingness to be randomized in clinical trials. In this trial, the delay in contacting the patient after consent, was determined primarily by the patient and was not due to delays on part of the research team, since patients were asked to state a day and time of their choice for research team to call for symptom screening. Thus, patients who defer participation for a longer period are more likely to drop out before completion. This may be a passive 
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resistance to participation by those who find it difficult to refuse outright. It is possible that this effect may be due to the fact that patients for whom it took longer to make the first screening call were also more severely ill and felt a need to delay their screening and eventually dropped out. However, this is unlikely since a comparison of the means of total symptom severity score and interference with enjoyment of life scores between patients who were above and below the mean contact time (7 days) showed no difference (Severity: above mean 51.42, below mean 51.03, p ¼ 0.87, and Interference: above mean 3.95, below mean 3.91, p ¼ 0.86). This shows that both groups of patients were similar in terms of disease severity and perceived impact of their disease on their lives suggesting that these are not explanations for differences in attrition. Another time span associated with higher attrition was the duration of screening. Longer time taken to complete the screening process increased the probability of attrition of all patients, but for minority patients elapsed time had a greater impact than for white patients (Figure 2 ). This moderating effect of delay on race suggests a greater susceptibility of minorities to drop out when recruitment or screening process takes longer to complete. Historically, minority patients have been less likely to participate in clinical trials [18] , therefore the concerns about the external validity of the findings from the trials led to a 1993 National Institutes of Health's (NIH) revitalization act (Public law 103-43), which resulted in increased recruitment of women and minority patients in research, particularly phase III clinical trials [19] . However, increased recruitment does not guarantee increased retention, and thus patients who may have been initially reluctant to participate but consented because of focused efforts by study teams to recruit them, dropped out in early stages of the study. Our data support this explanation, as 70% of the patients completed screening within 2 days after initiation of screening. However, when these numbers were examined separately by race, only 57% of the minorities as compared to 73% of white patients completed screening within 2 days. The delays experienced in completion of screening were primarily due to inability of study personnel to contact patients rather than because patient failed to score at least one symptom above threshold. The average duration of screening was also significantly longer for minority patients (5.5 vs. 3.1, p < 0.01). Therefore, the minority patients were harder to contact during screening, and with the fact that were more likely to drop out, reflects a 'mechanism' by which minority patient quit clinical trials before completion.
It can be argued that patients who completed screening within a shorter duration were more symptomatic, whereas those who took longer to complete screening may have been less symptomatic and may have had less interest in the trial. This however, seems an unlikely explanation for higher attrition among patients who took longer to complete screening because the time taken to complete screening was mainly determined by time taken to reach the patients, i.e., when calls to patients went unanswered, and not because the patient was reached but had not crossed the threshold. Therefore, it is probably not true that those who completed screening faster were more symptomatic. Additionally, even if this were true it would not explain differential attrition by race for screening duration in days.
Ethnically, very few patients in our sample were Hispanic and almost all white patients (98.1%) were non-Hispanic. Differences in attrition were therefore found by race only.
The race and educational attainment of patients played a role in patient attrition in both phases of the study (from consent to screening initiation and from screening to the intake interview). Therefore, minorities and the less educated patients continued to be more likely to drop out throughout the study, and the effect of race and education on attrition persists across the trajectory from consent to the intake interview. Since most of the patients who were found eligible to continue in the study had their eligibility established within 3 days of the first screening call, some patients who did not intend to continue with the trial did not have enough time to make their intentions known. Therefore, they dropped out at the next phase of our observation. The role of education and race in attrition as found in our study is consistent with findings of other researchers [14] [15] [16] .
Patients reporting a higher impact of their symptoms on their enjoyment of life were found to be more likely to drop out. The symptom interference with enjoyment of life was highly correlated with the total severity reported by patients calculated as the sum of severity over all symptoms ( ¼ 0.66, p-value < 0.01), however, the addition of the severity variable to the model did not effect the significance of enjoyment of life variable indicating that interference with enjoyment of life had an independent effect on attrition that was above and beyond any influence of symptom severity on attrition. The enjoyment of life may be thought of as a proxy variable for depression or at least a pre-depression state [20] . The significant effect of interference with the enjoyment of life on attrition is therefore not surprising as depression is one of the most consistently reported factors associated with attrition in contemporary literature [21, 22] .
One limitation of this research was that we were unable to establish if the delay in attempting to conduct the baseline interview after completion of screening had an effect on attrition (just as the delay in initiating screening contact had). Since attrition at this step was defined as failure to complete baseline interview the time from completion of screening to baseline interview could not be determined for the dropouts.
The very nature of the trial and the intervention can be a strong determinant of a trial participant's decision to continue or drop out. Our trials are no exception and some of the participants may certainly have perceived the intervention more beneficial to them than others, influencing their decision to stay in or drop out of the study. However, the research reported here applies to the period of the study before any of the participants were delivered any intervention; therefore, we do not expect the trials' context to be factor influencing participants' likelihood of dropping out at this early stage in the trial.
Conclusions
Most factors associated with attrition at the early phases of our trials were primarily un-modifiable.
However, important associated factors were identified that help researchers identify potential dropouts early in the trial. Patients, who delay initiating contact with the research team, after they have consented to participate, were found to be more likely to drop out. Attempts to convince patients to reduce this time may be of benefit. If such patients start participating early, keeping them engaged may improve their chances of continued participation. This seems especially true for minority patients. When a trial requires screening for symptoms, completion of screening in a timely manner will be dependent on many factors beyond investigator's control. However, any delays, especially when unrelated to patient's morbidity, should alert study personnel to a potential increase in the rate of attrition, especially among minority patients. Additional methods of contacting patient such as by mail, and/or attempting to reach patient via a family member may be of benefit.
